Bacterial Identification, first described by Bryant (1986) 
Introduction
The teaching of systematic bacteriology usually involves a survey of various families of bacteria, with a more detailed description of some genera and selected species. Some practical examination of bacterial cultures may be carried out in the laboratory at the end of the course and students may be requested to identify unknown cultures selected from those species that they have studied. Each identification will extend over several days because of the time involved in incubating cultures and carrying out the tests. Safety regulations, course budgets and time constraints combine to restrict the range of organisms that students are allowed to handle. Bacterial Identification, the program described here, is a simulation of the identification process but it removes the restrictions outlined above. Identification exercises can be used to supplement, or replace, laboratory-based investigations by providing students with identification problems that can be completed within an hour.
A few teaching programs for systematic bacteriology have appeared in recent years (Gibson et al., 1992; Mateos etal, 1991; Monte etai, 1990) , some of these use the same ideas presented in Bacterial Identification (Bryant, 1986) .
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Bacterial Identification was originally developed as an interactive FORTRAN program, called IDEN, running on a PRIME minicomputer (Bryant and Smith, 1979) . The arrival of the microcomputer saw the development of versions for the BBC microcomputer and IBM PC / MS-DOS (Bryant, 1986) . The version described here is an improved version of the MS-DOS based program that has been placed in the Public Domain. Improvements include the addition of fourteen more species, one test, the ability to provide the student with details concerning the source of isolation of the unknown and the program now makes use of colour.
Basis of bacterial identification
Bacterial Identification is based on the probabilistic approach to identification described by Lapage and his colleagues (Lapage and Bascomb, 1973; Bascomb et al., 1973; Willcox et al., 1973) . Identification of an unknown is achieved when the 'Identification Score' of the unknown exceeds a defined threshold. This threshold is typically 0.999 or 0.99 depending on the group of organisms under consideration. The likelihood that an unknown strain is a member of a given taxon is defined as the probability that a member of a given taxon will give the same pattern of results as that observed for the unknown strain. The likelihood for each taxon is calculated by multiplying the probabilities of each of the individual test results for that taxon. After normalisation, by dividing each likelihood value by the sum of all likelihood values, these likelihood values are called identification scores. In practical bacteriological terms, a score of 0.999 or greater means that identification is achieved when one strain can be distinguished from all other taxa under consideration by at least two tests.
Development of the identification matrix
The probabilistic identification matrix used with Bacterial Identification was compiled from several sources. The major sources of information were: (Holt and Krieg, 1984; Sneath et al., 1986; Williams et al., 1989; Collins et al., 1989; Baron and Finegold, 1990) . Additional data was taken from a number of published probabilistic identification matrices, see (Bryant, 1993) . All names of bacteria T.N.Brytnt used in the exercise appear in the 'Approved lists of bacterial names' (Skerman, McGowan and Sneath, 1980) and subsequent revisions of it. Ninety-three species and 91 tests are present in the probabilistic matrix created. Information on the possible sources, or source, in the case of three species, of isolation was included in the matrix. A list of the species in the matrix and the number of possible sources of isolation identified for each species is presented in Table I . The tests used to characterise these strains are presented in Table II . If test information was unavailable for a particular strain, the probability for that test was entered as 0.50. One assumption that had to be made when constructing the matrix was that appropriate media would be used when testing the unknown. For example, the correct basal media was selected when testing for the production of acid from sugars.
The matrix was evaluated using two programs, BEST and IDSC (Bryant, 1991) to confirm that the student could successfully identify any unknown given to them. BEST calculates the best set of tests that collectively distinguish between taxa. Using probabilities of 0.01 to 0.15 as negative results, 0.85 to 0.99 as positive results and 0.16 to 0.84 as variable results, nearly all species could be distinguished by at least two tests. The only pairs of species that could not be separated were, Neisseria meningitidis and Neisseria gonorrhoeae, and Vibrio cholerae and Vibrio parahaemolyticus. Inspection of the probability matrix showed that there were enough tests that could help discriminate between these species. However, the probabilities could not be described as giving a complete test difference. For example, the probabilities for the Voges-Proskauer test at 37°C for Vibrio cholerae and Vibrio parahaemolyticus were 0.60 and 0.01 respectively. Program IDSC calculates the expected identification score for each species in the matrix using all tests. When test probabilities of 0.50 occur, three identification scores are calculated, the first score excludes missing tests, and the other two scores treat 'missing values' as either all positive results or as all negative results respectively. All strains had Identification Scores of 0.9999 or higher, except Neisseria meningitidis that gave a score of 0.995. The matrix was considered suitable for use with the program.
Use of the program
After an optional descriptive introduction to Bacterial Identification, the program starts by asking for a reference number for the unknown. This will either have been given to the student by the tutor or it can be generated by the computer. This number indirectly refers to a strain listed in Table I . The value of this number controls whether the student is supplied with the source ol of the unknown. Some tutors might prefer to ignore the source of isolation and so this feature is an optional parameter that is specified when starting the program. Next, the student is asked to enter a batch of tests that they want to do. The list of tests available (Table II) is displayed as a scrolling window. Tests are requested by entering their reference number and as each test number is entered, the name of that test is added to a list of selected tests (see Figure 1 ). The list is ended by pressing the Enter key without a number. The program checks that this selection is correct. If it is not, tests can be reselected. Once the set of tests have been confirmed, the program displays the results of the tests. Ideally, tests should be requested in batches as in the laboratory. Initially, the student cannot ask for a test, obtain the result, and then carry out another test. At least five tests must be selected. The program then selects its own set of Best and Random Tests. This process can take a few seconds depending on the speed of the computer; however, at this point in the exercise the student will want to consider the results of the tests that they have carried out and perhaps choose their next set of tests. Any delay at this point is not a problem.
Once the computer has selected its own set of tests, identification scores are displayed for the unknown isolate based on the student's tests, the computer's Best Tests and the computer's Random Tests (Figure 2 ). The identification score ranges from 0.0 to 1.0; it denotes the likelihood of correctly identifying the unknown isolate using the set of selected tests. The number of tests selected by the computer Best approach may be less than the number of tests that were selected by the student. This can arise because the computer uses an optimised approach and it may decide that it does not need to carry out as many tests as the student requested. When one species has a high identification score with the unknown, compared with the other species, tests may be chosen to distinguish it from the remaining species. Then the words 'Hunch Used' are displayed against the identification score for Best Tests. This compares with the laboratory situation, when the bacteriologist suspects that the unknown isolate must be a certain species but needs to carry out additional tests to verify this.
After the Identification Scores are displayed, the student is presented with four or five options:
Option I: 'Do more tests'
This is a repeat of the selection process outlined above.
Option 2: 'Consult the expert'
This option allows the student to seek a more informed opinion of the likely identity of their unknown (Figure 3) . The student suggests the identity of their unknown to the 'Expert' who compares the results of the tests chosen by the student with those that would be expected for the suggested strain. There are four possible replies, Probable, Possible, Unlikely and MostUnlikely, depending on how sensible (close) the suggestion is. The student will be given a list of tests where the suggested species and the unknown differ. If the source of isolation has been used a comment is given if the source of the unknown does not match the possible sources of isolation for the suggested strain.
Option 3: 'List strains and tests'
This option, which is also available from other parts of the program, allows the student to view the complete list of the strains and tests that can be used in the exercise. The results of tests that the student has already carried out are displayed in this list.
Option 4: 'Stop the exercise'
This option summarises the tests that the student has chosen with those selected by the computer Best and computer Random approaches (Figure 4) . The result of each test is displayed. An identification coefficient is calculated based on a comparison of the student's performance with that of the computer Best. It is calculated from the relative identification scores and the relative number of tests used. Penalties are incurred for carrying out too many single tests, for wasting the expert's time, and for wrong attempts at identification. If the student failed to identify the unknown, this summary will tell them what it was.
Option 5: 'Attempt identification'
This option is only available to the student once the identification score has exceeded 0.6. The student can then try to identify their unknown. However, to have some degree of confidence in their ability to identify the unknown, the identification score for the unknown, based on the student's tests, should exceed 0.95. A lower score will trigger a comment to this effect and recommend that further tests are carried out.
The program repeats these four, eventually five, options until the student has completed the exercise and identified their unknown.
Discussion
Although Bacterial Identification simulates a practical Growth on nutrient agar Growth on blood agaridentification exercise it is not intended as a complete replacement for laboratory work. Students should have practised some of the tests in the laboratory. The program is an addition to the teaching of systematic bacteriology. There are various ways in which Bacterial Identification could be used. The most popular approach is to provide students with unknowns and allow them access to any literature or information they require to complete the exercise. Another approach might be to withhold access to literature, in which case one would be testing the student's memory. Alternatively the probabilistic identification matrix used by Bacterial Identification could be The program has been written to allow tutors to modify and add to the probabilistic identification matrix. The probabilistic data matrix file can be edited, enabling a tutor to alter the probabilities and modify the isolation sources of a particular species. This might be necessary because the matrix is biased towards medical, and a tutor might want to add more environmental species. This bias is perhaps a reflection of the more detailed information that is currently available for medical bacteria. An additional nine tests and 27 species could be added to the exercise without any modification to the program itself. The program uses an ASCII, look-up file to provide the mapping of the unknown isolates code to its identity. This can be modified using a standard program editor for ASCII files, for example, EDIT (DOS v5.0). It is interesting that despite adding the 14 more strains to the original matrix used with the earlier version of this program, the five most useful tests selected by 'Computer Best' did not change from those selected for the original matrix (Bryant, 1986) . Therefore this set of best tests would not have to be recalculated if a few strains were added to the matrix.
The program requires about 120 Kbytes of free RAM to execute and will run under MS-DOS 3.0 or higher. Copies of the program are available from the author, tnb@soton.ac.uk, or by anonymous ftp from medstats.soton.ac.uk.
